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SUMMARY 


In an effort to describe the shock waves produced by firings of the 
M-203 charge from the XM-198 howitzer (155mm), simulated shock waves were 
generated in the shock tube of the Lovelace Center for Health Science in 
Albuquerque, NM. This research project was initiated to determine if the shock 
tube generated blasts were indeed similar to the howitzer firings. The major 
areas of investigation centered about the shot-to-shot and day-to-day 
reproducibility of the pressure fields from the shock tube, and the similarity of 
peak pressures, rise times and auration of the shock waves. 


Data was collected from the XM-198 firings and the Lovelace shock tube. 
Correlation comparisons were made using statistical analyses. Comparison of data 


collecting methods, peak pressures, pressure time histories and reproducibility 
criteria were made. 


The major findings indicate that there was a degree of cross 
correlation between the varicus shots. There is a question as to the consistency 
of the shock tube waveforms and its reproducibility. Calibration methods of the 
instrumentation raised some questions as to effect on the generated recordings. 
It also appears that more sophisticated methods need to be applied to the 
pressure time histories for definitive percentages of correlation. 
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XM-198 GENERATED SHOCK WAVES AND 
LOVELACE EXPERIMENTS 


CONTRACT DAMD17-78-C-8062 


1. INTRODUCTION 


This report addresses the issue of simulated howitzer blast shockwaves 
produced from shock tubes as well as an analysis of data collected from actual 
howitzer firings. Presently the Lovelace Center for Health Science at 
Albuquerque, New Mexico is performing experiments to simulate howitzer blasts 
with their shock tube. The purpose of the shock tube test is two-fold: first, to 
determine the shot-to-shot and day-to-day reproducibility of the pressure fields 
generated by the shock tube; and second, to investigate how closely the shock 
tube pressure simulate those produced from the M-198 howitzer with the M-203 
charge. The exact waveforms to be simulated are configured after those generated 
by the howitzer and measured at station C-22. See Figure 1 for station location 
and Figure 2 for a display of the waveform. 


ae STUDY RESULTS 


2.1 Blast overpressures simulations were conducted with an eight foot 
diameter shock tube at the Lovelace Center for Health Sciences, from March 22 to 
April 2, 1979. The tests consisted of a series of rapidly fired explosions (25 
shots, one every 20 seconds) in the shock tube using primer cord. The resulting 
explosions when propogated through the shock tube are intended to simulate a 
howitzer blast as measured from the C-22 position. Pressure measurements were 
taken during the tests to characterize the blast wave on axis and off axis to the 
shock tube (see Figure 2). Oue to the extremely high intensity blast from the 
shock tube it was felt necessary to measure not only static pressure but also 
dynamic pressure. Static pressure was measured at each location with a sensor 
face oriented normal to the shock tube axis; while dynamic pressure was measured 
with a sensor head-on. The test plan, execution and pressure data collection was 


performed by personnel from the Lovelace Laboravory. 


Cee The data collected on the shock tube test was dubbed by JAYCOR 
personnel at Lovelace Laboratory and digitized by Triadic Research of California. 
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The data was digitized at an 800KHZ rate with a two pole bessel maximum flat 
cutoff filter set at 20KHZ. After the data was digitized it was sent to JAYCOR's 
East Coast laboratory for data reduction and analysis on the company's VAX 11/780 
computer. In addition to the shock tube data reduction and analysis, some actual 
howitzer firing data and associated analysis has been included in this report 
such as: the reproducibility of the M-198 gur test performed in November 1978, at 
Aberdeen Proving Grounds, correlation between the shock tube and the M-198 
howitzer and dynamic pressure resulting from the shock tube test. The results of 
the data reduction and analysis are contained in the Appendix to this report. 


2.3 Section A of the Appendix contains a short description of the reduction 
and analysis of the data. The calibration data is also discussed. Although 
Lovelace Laboratory and the U.S. Army Aeromedical Research Laboratory (USAARL) 
use the same type of transducers to record the overpressure data, their means of 
calibrating are different. On the whole the USAARL calibration factor leads to 
peak pressurzs about 10% below the Lovelace results. Though this difference in 
scaling does not affect the correlation and reproducibility studies, care was 
taken in comparing parameters involving units of pressure when examining data 
from both groups. 


2.4 Section B of the Appendix contains the five-day summaries of the 
recorded peak overpressures, B-durations and positive impulses of each transducer 
location. The daily averages and standard deviations are also included. 


2.5 Section C of tne Appendix is divided into three parts. The first part 
is a reproducibility study of the M-198 howitzer. The data used in this study 
was obtained during the November 30 - December 1, 1978 firings of the M-198 at 
Aberdeen Proving Grounds, Included are shot to shot comparisons at single 
locations, The statistics used for comparison are the cross correlation 
coefficient, the skewness and the kurtosis. These terms are defined in Section 
Gy 


2251 The second part of Section C contains a reproducibility study of the 
Shock tube firings similar to those studied for the howitzer. 


2.5.2 The last part of Section C is a comparison between the howitzer and the 
shock tube. Since it is not known what characteristics of the overpressure time 
history are most important in causing auditory and/or internal damage to a human 
or animal, the greatest measure of comparison of waveforms was used, i.e., the 
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total waveform duration. In the future, when dose response data is available, 
more sophisticated correlation studies can be employed to ascertain the critical 
parameters. 


2.6 Section D of the Appendix is a study of the dynamic pressures at the 
shock tube. 


2.7 Section E of the Appendix contains a more detailed recording of each 
shot at Lovelace. 


2.8 The last section of the Appendix (Section F) contains representative 
pressure time histories of the shock tube and howitzer firings. Also included 
are graphs of the shot to shot changes in peak pressures from the shock tube. 
This section of the report is scheduled to be expanded in the near future when a 
more precise graphics capability becomes available. 


a: CONCLUSIONS 


ek Conclusions from the analysis of the Lovelace shock tube experiments as 
wel] as the other data included in this report fall into two categories: 


o General (i.e., over all conclusions) 


o Specific (i.e., specific comments about various phenomenon recorded 
in the analysis) 


3.2 Of the two categories of conclusions, the first is more difficult to 
quantify because the method for collection and analysis of data is still being 
tested and studied. In addition, the protocoi for performing data analyses has 
not been fully established, nor for that matter has it been determined what 
information is clearly relevant and required in the analysis. Therefore, given 
the above parameters, the general conclusions that can be made are: 


o Calibration is an important issue to the program especially since it 
is not known which phenomena in a howitzer blast/shock are 
important. In addition, because this program is likely to receive 
high visibility, data accuracy is essential. 


o Correlation between the shot data of Lovelace appear satisfactory 


(i.e., > .7). However, because the initial impulses so dominate the 
correlation analysis due to their magnitude, the time history after 
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the impulses has a lesser correlation, while the total correlation 
is still high. Thus, a conclusion that considers the total time 
history of a waveform as well as correlation could be misleading. 


o Cross correlation of total waveforms of the type being measured may 
not be an accurate method of determining whether the waveforms are 
the same. 


o It appears that further correlation analysis of the data should 
focus on very specific characteristics relating to the waveform, 
such as the first 20 ms, or the rise time or total peak pressure. 


o It would appear that it is more important to determine a cause- 
effect relationship between blast-overpressure and human injury than 
it is to collect data on howitzers with Tittle understanding of what 
are the important parameters. Thus the theoretical aspects of the 
physics and physiology of the problem must be characterized and 
understood in detail so that a proper data collection and analysis 
protocol can be developed. Analytical tools such as fluid dynamic 
codes as well as physiological codes of the human chest must be 
developed to gain a proper insight into the important parameters. 


343 Conclusions and observations of a specific nature are as follows: 


3.3.1 Calibration 


Sidi luk In the Lovelace tests two different means of calibrating the ST-2 
transducers (sensors) were used. The method used by Lovelace Laboratory consists 
basically of two chambers connected together; a large chamber which is pumped to 
approximately 5 psi overpressure and a smaller chamber in which the transducer is 
located. A valve on the large chamber is released and a positive pulse enters 
the other chamber. After traveling through the system a negative pulse is 
reflected back. Consequently the transducer record shows a positive pulse which 
returns to zero followed by a negative pulse. The difference in volts between 
the anbient and the peak of the negative pulse corresponds to 5 psi. 


3.3.1.2 USAARL favors an oscillating (90hz) source with a peak pressure of 
153db (0.1296 psi). The difference in volts between the average positive peak 
and the average negative peak corresponds to 0.2592 psi. 


Soils The calibration factor (psi/volt) generally is 10-15% lower for the 
oscillator calibration. 
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3.3.1.4 At first it would appear the calibration by pulses would be preferred 
as the transducers are being used to measure pressure pulses from the shock tube. 
However, the rise times on the pulse calibration records are much slower than in 
the pressure fronts from the shock tube or the howitzer. This may be due to 
inadequate release values on the major chamber. If this is the case, then it may 
be that the pulse in the smaller chamber is not reaching a full 5 psi. 
Consequently the calibration factor from the pulse will be higher. 


3.3.1.5 Based on the data available a decision as to which method is superior 
cannot be made. It is suggested that tests be run on a laboratory shock tube 
where the actual pressures are theoretically known to see which calibration 
method is more accurate. 


3.3.1.6 Calibration were conducted before and after the firings. Although the 
firings lasted approximately 8 minutes the preshot and postshot calibration 
factors differed for both calibration systems. Except for transducer 1, the 
difference amounted to generally no more than 2-3%. This corresponds to about 
0.1 psi for a total peak value of 4 psi or a few tenths of a dB. This range 
appears to be acceptable. However, if the firings are to last a considerable 
period of time, it appears prudent to make calibration tests more frequently. 


3.3.2 Five Day Shock Tube Series 


Se d08 ol As can be seen from the data in the Appendix (Section B) there is 
considerable variation in the shot-to-shot peak recorded overpressures, 
particularly on the head-on gages #1 and #3. Because of the reflection off the 
Face of these gages the peak recorded pressure should be on the order of 8-9 psi. 
The use of the 20KHz analog filters flattened these sharp spikes down to the 5-7 
psi range as shown in the tables. Nevertheless, enough of the spike was recorded 
that considerable shot-to-shot peak variation was present at a sampling rate of 
80KHz. 


3.3.2.2 The grazing gages #2 and #4 varied less in shot-to-shot peak values. 
The daily deviation was around 10-15% of the daily average peak value. The 
variation appears large enough to assume there is significant difference in the 
shot-to-shot tube firings. For example, the first few shots in each day tend to 
be louder; 84% of the time either the first or second shot was among the top 
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three in maximum overpressure. At the other extreme shot #18 on day 3 had the 
lowest recorded maximum on three of the four transducers and was second iowest on 
the fourth shot for that day. 


3.335.2.3 The daily averages on gages 1, 2 and 4 were fairly steady with the 
exception of day 2 on gage 4. 


3.3.2.4 In the majority of cases the daily standard deviation in the positive 
impulses was under 10% of the average value. Surprisingly, the daily averages 
differed considerably.10v 


3.3.2.5 This difference would tend to indicate a day-to-day change in some type 
of conditions. The large difference between and within group variances would 
tend to support this conclusion. 


3.3.2.6 The B-durations were widely scattered. Part of this is due to the 
sensitivity of the B-duration to the peak pressure. A small change in peak 
pressure can lead to a large change in B8-duration. This was noted in the 
previous analysis of the Aberdeen M-198 howitzer data. In numerous cases 
B-duration of 100-200 ms were recorded, especially on day 3 for gages 1 and 2. 
Sometimes the long B-duration is accompained by a very low peak pressure. This 
may be due to the digitizer missing the peak or to electronic problems in the 
transducer or other equipment. Other long B-duration records contain 
considerable noise. This may be due to a ringing in the shock tube or to 
electronic problems. Tnis was particularly noticeable on day 3 where some of the 
gage 2 recordings were unusable for analysis. 


3.3.3 Correlation ‘cults 


The correlation coefficient between shots at Aberdeen and between shots 
at Lovelace were in the neighborhood of 0.9. When comparing Aberdeen records to 
Lovelace records the correlation dropped to 0.8. This correijation coefficient 
seems quite high. It may be that the correlation coefficient is too insensitive 
to differences in the pressure time histories when long record lengths are used 
(in this report 75 and 150 ms were used). Recommend further study be made to 
find the record length which best differentiates between two pressure time 
histories. 


3.3.4 Dynamic Pressure 


As explained in Appendix (Section 0D), the sampling rate was 
insufficient to obtain an accurate measure to the peak dynamic pressure to 
compare with theoretical values. However. as the graphs in Section D show, there 
was more dynamic pressure present at the shock tube than at the howitzer, as was 
expected, 


3.3.5 One Day Summaries 


3.3.5.1 In addition to several other parameters two different estimated maxima 
are presented. The first one (labeled EI) is an attempt to correct for sampling 
errors. Using sampling theory it attempts to predict the actual maximum occuring 
on the analog record. The other estimation (labeled LST SQ MAX) is an attempt to 
correct for the finite rise time and/or overshot of the transducers. The 
reliability and accuracy of these estimations can be determined only a study of 
the peaks at very high sampling rates is made. 


Seorue Included in the One Day Summaries are three base line checks. The 
first one called DRIFT is the slope of a least squares line fitted through the 
preshot record. In all cases except one, the value of the slope was zero to two 
decimal places. A nonzero value would give an indication that there was some 
problem in the electronics. The parameter SD is the standard deviation of the 
preshot record. Its value gives an estimation in the error at each point. The 
parameter BASE gives the time interval before pulse arrival of the last point at 
which the preshot record exceeded 5% of the difference between the maximum and 
minimum recorded levels. It is an indication of preshot noise. A value of 0 for 
BASE means that no preshot point exceeded the 5% criteria. 
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